Pulmonary artery velocity patterns, determined by Doppler echocardiography and analysed by time interval histography, have previously been reported for patients with ductus arteriosus.' -3 Doppler examination of a patient with ductus arteriosus is performed by imaging the main and branch pulmonary arteries from a left parasternal short axis position. Previous reports suggest that with the sample volume placed into the main pulmonary artery just proximal to the bifurcation the usual systolic velocity pattern is of flow directed away from the transducer (which we subsequently refer to as negative velocity). This negative velocity is said to be followed by disturbed flow generally directed toward the transducer (which we refer to as positively directed velocity). This diastolic pattern probably represents detection of the ductal jet. The disturbed feature, as registered by time interval histography, could be due to either alinear spectral analysis or detection of disturbed flow. One previous report2 mentions the presence of diastolic negatively directed velocity in the pulmonary artery, but the accepted Doppler criterion for the presence of a ductus arteriosus remains the demonstration of positively directed pulmonary artery velocity.3
In this report we describe a velocity pattern which we found in patients with ductus arteriosus and which is different from the commonly accepted pattern.
Patients and methods
The control group consisted of 52 normal subjects 
Results

CONTROL GROUPS
In the normal control group the only systolic pulmonary artery velocity finding was a single, mainly laminar, velocity which was negatively directed. During late diastole a very small magnitude negatively directed velocity occurred just after the electrocardiographic P wave as previously reported. In the study group the ductus was visualised in two of 12 patients. In all patients systolic velocity was negatively directed as in the control subjects. Peak systolic velocity was significantly higher (p<0-01) in patients with ductus arteriosus (range 70-175 (mean = 116) cm/s) than in normal subjects. The major qualitative difference was, however, the presence of a negatively directed pandiastolic or nearly pandiastolic waveform (Figure) . Peak diastolic velocity ranged from 20-120 (mean 63) cm/s. An additional finding in six (50%) of 463 the study group was a positively directed laminar or disturbed diastolic velocity pattern. This reverse velocity pattern could not be found in the other study patients.
Discussion
The most important findings of this study in patients with ductus arteriosus were (a) a large magnitude negative diastolic waveform and (b) an increased systolic velocity. Both findings are the direct result of ductal flow. These findings are somewhat different from, but not in conflict with, those previously reported. Previous reports of pulmonary flow characteristics, which were accomplished with alinear time interval histography spectral analysis,' 3 indicate that the predominant feature is a positively directed waveform in diastole. This waveform represents detection of the ductal jet. With considerable effort we were able to demonstrate this finding in half our patients. Our failure in others occurred despite optimal examination conditions since our patients were either cooperative or sedated. Although we attempted to demonstrate the positive waveform, it became clear that the predominant feature in diastole was a negatively directed waveform. We do not dispute that a jet probably exists in each of these patients, but our experience indicates that alignment of the Doppler beam with this jet is not always easy. Alignment is required in all three planes, and such alignment may not be possible in some patients because of limitations of the ultrasonic window. Furthermore, by comparison, detection of a negative directional velocity is far easier and equally specific. Neither diastolic waveform was present in the normal subjects or in the children with other conditions. The negative directional waveform is caused by blood flow down the pulmonary tree. When a jet enters the main pulmonary artery in diastole flow occurs with the pulmonary valve closed. Diastolic flow through the ductus is consistent with the presence of the diastolic component of the continuous murmur,8 reversed aortic diastolic velocity,9 and detection of the diastolic jet.3 Since the pulmonary artery has limited distensibility, and since the diastolic flow is of high magnitude, the blood must reverse direction in the main pulmonary artery and pass down into the branches. This passage produces a diastolic negative velocity, whereas if the beam is aligned with a jet a positive directional waveform is detected. If the sample volume is placed in the post jet flow disturbance,'0 disturbed flow will be detected. If the sample is placed in the area where flow has reversed a negative directional velocity will be recorded. The probability of finding each area is related to the size of the area and the direction of flow in that area. Since the main pulmonary artery is almost ideally located for imaging velocity along its axis it is not surprising that flow along this axis, which would be inscribed negatively, was easily detected.
The negative diastolic waveform is different in timing from the presystolic waveform found in subjects with low pulmonary artery pressure, although both have a similar generic origin. The negative diastolic waveform found in those with low pulmonary artery pressure results from atrial flow opening the pulmonary valve. This occurs almost exclusively in late diastole but on occasion can just precede the electrocardiographic P wave. The negative diastolic waveform in patients with a ductus is present in early diastole and is usually pandiastolic or nearly pandiastolic. Nevertheless, both waveforms probably require a low or relatively low pulmonary vascular resistance.
The magnitude of systolic velocity was modestly but sigpificantly increased in our patients. This increase is probably due to increased systolic flow.
Since the main pulmonary artery has limited distensibility any increase in flow should be accompanied by an increase in systolic velocity. Not all our patients underwent catheterisation; consequently, velocity magnitude cannot be directly related to flow magnitude in this population. Our method of detecting the presence of a ductus arteriosus may have theoretical limitations in patients who have ductal insertion distal to the main pulmonary artery. In this group blood would flow preferentially to the left pulmonary artery. This problem, however, also applies to the method which relies on the demonstration of reverse flow in the main pulmonary artery.
Sinee completion of this study we have had the opportunity to investigate a patient with a right to left shunting ductus and severe pulmonary vascular obstructive disease. The pulmonary artery recording of this patient showed the expected negative systolic velocity, but no diastolic waveforms were present. This
Wilson, Dickinson, Goldberg, Scott result is consistent with the concepts advanced in this and previous247 reports.
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